. Feeding flaxseed to sows during late-gestation and lactation affects mammary development but not mammary expression of selected genes in their offspring. Can. J. Anim. Sci. 88: 585Á590. Mammary gland composition and mammary gene expression were measured in pubertal gilts whose dam were fed a control (CTL) diet or a diet with a 10% supplement of flaxseed (FS) during late-gestation and throughout lactation. Parenchymal weight expressed as a percentage of body weight tended to be greater in offspring from FS compared with CTL sows (P B0.1) and to contain less fat (PB0.1). Offspring from FS sows had more parenchymal protein, whether expressed as a percentage (PB0.05) or total amount in tissue (P50.05), than offspring from CTL sows. No changes (P0.1) in mammary gland expression of the studied genes were observed with dietary treatment.
Mammary gland development, more specifically the number of milk secretory cells, is a major determinant of potential sow milk yield (Head et al. 1991) , and in turn piglet growth. Postnatally, the two periods of most extensive mammary accretion are from 90 d of age until puberty and during the last third of gestation (Sorensen et al. 2002) . Nutritional regimes imposed on gilts during pregnancy were shown to drastically alter DNA concentrations (being representative of cell number) in mammary tissue (Head and Williams 1991) . Events taking place in utero also affect postnatal mammary development (Fenton 2006) . Flaxseed is a rich source of the lignan precursor secoisolariciresinol diglucoside, which is associated with mammary gland differentiation in rats (Tan et al. 2004 ). An in utero effect of flaxseed supplementation was observed in rats born to dams fed 10% flaxseed during gestation and lactation as an increase in mammary epithelial cell proliferation at maturity via modulations of epidermal growth factor receptor (EGFR) and estrogen receptor (ER) signaling (Tan et al. 2004 ). Exposure to 10% flaxseed during gestation and lactation also led to female rat offspring reaching puberty at an earlier age (Tou and Thompson 1999) . The current study was therefore carried out to determine if feeding flaxseed to sows during late gestation and lactation has beneficial effects on mammogenesis and age of puberty attainment in their offspring and if so, whether these effects may be related Abbreviations: ADF, acid detergent fiber; BW, body weight; CP, crude protein; CTL, control; DE, digestible energy; EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; ESR, estrogen receptor; FS, flaxseed; GAPDH, glyseraldehyde-3-phosphate dehydrogenase; IGF-I, insulin-like growth factor-I; SEM, standard error of the mean; TGFA, transforming growth factor alpha to alterations in mammary gland expression of selected genes. Knowing that body condition (Head et al. 1991) and feed intake (Farmer et al. 2004) of gilts have an impact on their mammary development, measures of backfat thickness, feed intake and body weights were also recorded.
Thirty sows of second and third parity (Yorkshire ) Landrace) were bred with pooled semen from the same group of Landrace boars. On day 63 of gestation, they were equally divided into two dietary treatments until the end of lactation (day 21 postpartum), ensuring that average body weight and backfat thickness were similar across treatments. The nutritional regimens consisted of: (1) standard diet (CTL) and (2) 10% flaxseed supplementation (FS). Sow feed intake during the gestational treatment was restricted and adjusted so that daily metabolizable energy and protein intakes were similar among both groups, whereas sows were fed ad libitum during lactation. From 63 to 100 d of gestation, sows in the CTL and FS groups received 2.5 and 2.4 kg of feed in one daily meal, respectively, whereas from day 101 until farrowing, they were fed 3.5 and 3.4 kg d
(1 of feed, respectively. The FS diet was incorporated in daily increasing amounts (25%, 50%, 50%, 75% and 75%) to a commercial gestation diet over 5 d, reaching 100% incorporation on day 68 of gestation. The experimental diet was formulated to be isonitrogenous, isolipidic and isocaloric to the CTL diet and formulations are shown in Table 1 . Representative feed samples from both diets were taken regularly throughout the project to do compositional analyses (Table 1) .
One gilt of average body weight (BW) from each of the 30 litters, at 65 d of age, was used in the study. These gilts came from litters which were uniformized to 1091 within 48 h postpartum. They were housed four per pen (1.5 )1.5 m) until day 88, were fed standard commercial diets ad libitum throughout the growing period and were slaughtered at 220 d of age. From weaning until day 65 they were fed four diets respectively, a 21% crude protein (CP) diet until reaching a total consumption of 0.5 kg, a 20% CP diet until 1.5 kg total consumption, an 18% CP diet until 5 kg consumption, followed by a 17.5% CP diet until 65 day of age. The diet fed from 65 to 119 d of age contained 17.5% CP, 1.00% lysine and 3390 kcal kg
(1 digestible energy (DE), the one fed from 120 to 149 d of age contained 15.6% CP, 0.88% lysine and 3350 kcal kg
(1 DE, and the one fed from 150 d of age until slaughter contained 12.0% CP, 0.60% lysine and 3320 kcal kg
(1 DE. From 90 d of age onward, gilts were housed in individual stalls (0.6 )2.1 m) during 18 h each day (from 1500 to 0900) and in groups of 6 to 9 (surface area of 14.9 m 2 ) from 0900 to 1500 daily. This was done to ensure that all animals stayed in the trial and did reach puberty, since in previous experiments where gilts were housed individually throughout this period, there were many serious locomotory problems (related to animals growing too rapidly) and incidences of gilts not reaching estrus (personal observation). While group-housed, gilts had no access to feed so that individual feed consumption could be recorded daily as of 90 d of age until slaughter. Weight (at 0730 following a 15-h fast) and backfat thickness (measured ultrasonically at the last rib, Scanmatic SM-1, Medimatic, Hellerup, Denmark) of gilts were determined at 90, 150 and 220 d of age. Gilts were also weighed at 28 and 56 d of age without previous fasting. As of 140 d of age, gilts were moved to another room similar to that where they were previously housed, but where a mature boar was present, and estrus was detected daily by allowing physical contact between gilts and the boar. Age and weight at first estrus were recorded and dates of each subsequent estrus were also recorded and used so that none of the gilts were slaughtered within less than 2 d of estrus. All gilts had cycled by 220 d of age. Animals were cared for according to a recommended code of practice (Agriculture and Agri-Food Canada 1993) .
At slaughter, mammary glands were excised from the abdominal wall and parenchymal tissue was obtained from the fourth anterior pair of teats for molecular biology measures. These parenchymal samples were immediately frozen in liquid nitrogen and stored at ( 808C until analyzed by real-time PCR. Selection of studied genes was based on previous studies demonstrating that transforming growth factor alpha (TGFA), epidermal growth factor (EGF), EGFR mRNA and protein levels were modulated in rat mammary glands after genistein treatment (Brown et al. 1998) . Selection of estrogen receptor 1 (ESR1) and estrogen receptor 2 (ESR2) genes was based on a study reporting that genistein is a complete agonist of both ESR1 and ESR2 (Casanova et al. 1999 ). Finally, insulin-like growth factor-I (IGF-I) was selected because of its known action on mammary differentiation and lactogenesis (Lee et al. 1993) . Total RNA extraction and complementary DNA preparation were performed as previously described (Lord et al. 2005) . Real-time PCR amplifications of studied genes (TGFA, EGF, EGFR, ESR1, ESR2 and IGF-I) were performed in 10-mL reaction volume consisting of 3 mL of cDNA, 0.1 mL of AmpErase (PE Applied Biosystems, Foster City, CA), various concentrations of forward and reverse primers (Table 2 ) and 1 )PowerSYBRGreen Master Mix (PE Applied Biosystems). Gene specific primers (Table 2) were designed and selected using the Primer Express Software (PE Applied BioSystems). Cycling conditions were 2 min at 508C, followed by 10 min at 958C. Then, 40 cycles of 3 s at 958C and 30 s at 608C were performed. Two housekeeping genes [cyclophilin A and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)] were first analyzed. Cyclophilin A was then used to perform normalizations, since its transcript level was not affected by treatment. Amplification, detection and analysis were performed with an ABI 7500 Fast Real Time System (PE Applied BioSystems). Reactions were performed in triplicate (i.e. three PCR amplifications from the same reverse transcription reaction) and standard curves were established in duplicate for each gene. A pool of parenchymal tissue cDNA was used to create a standard curve for quantification of the transcripts using the relative standard curve method as described by Applied Biosystems (Applied Biosystem 1997). Standard curve arbitrary units were set at 1 for the undiluted cDNA pool and dilutions of 0.75, 0.50, 0.25, 0.10, 0.05, 0.025, and 0.005 were then performed. For each experimental sample, the amount of target gene mRNA relative to endogenous cyclophilin A was determined from their respective standard curves. Relative quantity ratios were then obtained by dividing the relative quantity units of target genes by those of cyclophilin A. Mean values from triplicates were then used to perform statistical analyses.
The rest of the glands were stored at (208C until dissection and analyses for tissue composition. Frozen mammary glands were sawed into 2-cm slices and trimmed of skin and teats according to the procedure of Farmer et al. (2007) . Mammary parenchymal tissue from each slice was dissected from surrounding adipose (i.e., extraparenchymal tissue) at 48C and both parenchymal and extraparenchymal tissue weights were recorded. Mammary parenchyma was defined as containing duct and alveolar tissue, but it also contained a large amount of adipose tissue, since duct and alveolar tissues are embedded in adipose tissue in gilts of such young age. Parenchymal tissue from all glands was homogenized and a representative sample was used for determination of composition by biochemical analysis. The DNA content of parenchymal tissue was evaluated using a method based on fluorescence (Labarca and Paigen 1980) . Dry matter, protein, and lipid contents were also measured (Association of Official Analytical Chemists 1998). Ovaries were also collected and weighed and the number of corpora lutea was counted to provide an estimate of ovulation rate.
The MIXED procedure of the SAS Institute, Inc. (2000) was used for statistical analyses. The univariate model used for mammary gland data as well as ovarian and estrus variables included the effect of nutritional treatment with the residual error being the error term used to test main effects of treatment. Repeated measures ANOVA with the factors treatment (the error term being gilt within treatment) and day of age (the residual error being the error term) as well as the treatment)day of age interaction were carried out on weight and backfat thickness. A similar analysis was run on average daily feed intakes using two time periods, namely from 90 to 150 d of age (period 1) and from 150 to 220 d (period 2). Analyses were also carried out for each weighing day or period (for feed intake) separately. Data were corrected with a logarithmic transformation (using natural logarithms) when variances were not homogeneous. Relative quantification of mRNA levels was performed according to the standard curve method described by Applied Biosystems (Applied Biosystem 1997) and differences between treatments were analyzed using a one-way ANOVA. Data in Table 3 are presented as least squares means. Both the repeated and the day-by-day analyses demonstrated that backfat thickness of gilts was similar across treatments (P 0.1) with values of 21.9 and 23.391.2 mm (mean9maximal SEM) for gilts from CTL and FS sows, respectively, at slaughter. There was an overall tendency for gilts from CTL sows to be heavier than those from FS (P 00.085) and the day by day analysis showed this to be significant at 150 d of age (108.4 vs. 102.291.9 kg for CTL and FS, respectively; P B0.05). Even though still numerically apparent, this difference was not significant at 220 d of age due to a greater animal variation (162.5 vs. 156.093.2 kg for CTL and FS, respectively; P 00.15). There was a tendency for gilts from CTL sows to consume more feed than those from FS sows over the first period (average daily feed intakes of 2.55 vs. 2.3690.07 kg d
(1 for CTL and FS, respectively; P 00.06), yet this was not significant over the second period (3.07 vs. 2.9490.09 kg d
(1 for CTL and FS, respectively; P 0.1). Gilts from FS sows tended to have a lower BW than those from CTL (109.9 vs. 104.092.1 kg for CTL and FS respectively; P 00.059) and gilts from both treatments reached puberty at similar ages (152.6 vs. 152.792.6 d for CTL and FS, respectively; P 0.1). There were no differences (P 0.1) in number of corpora lutea per ovary or weight of individual ovaries at slaughter between treatments (data not shown).
Mammary gland data are shown in Table 3 . There were no significant differences in total parenchymal or extraparenchymal tissue weights between treatments (P 0.1); however, when parenchymal weight was expressed as a percentage of BW, it tended to be greater in gilts from FS compared with CTL sows (P B0.1). There were tendencies for percentage fat and dry matter to be lower in mammary parenchyma of gilts from FS compared with CTL sows (P B0.1). On the other hand, both percentage (P B0.05) and total protein content (P 50.05) in parenchymal tissue were greater in gilts from FS sows. No changes (P 0.1) in mammary expression of selected genes (EGF, EGFR, ESR1, ESR2, IGF-I and TGFA) were observed with dietary treatment.
Age at puberty is an important economic factor in swine reproduction units since it affects age at breeding. Feeding flaxseed to sows in late gestation and lactation did not alter the age at which their female offspring reached puberty, even though there was a tendency for a lower growth rate. Results in rats, where exposure to 10% flaxseed in gestation and lactation led to female rat offspring reaching puberty at an earlier age (Tou and Thompson 1999) , were therefore not reproduced in swine.
The altered mammary development of offspring from sows fed flaxseed in late gestation and lactation supports findings in rats where histological differences were observed in offspring from dams which were fed 10% flaxseed in gestation and lactation (Tan et al. 2004) . Current results show an increase in parenchymal protein without any change in DNA content suggesting an increase in cell size (i.e., volume) but not cell number. This differs from what is seen in gestating gilts where nutrition affected mammary DNA content (Head and Williams 1991) and, more specifically, number of alveolar cells at 112 d of gestation (Head et al. 1991) . It is most interesting to note that the observed effects of flaxseed on mammary composition of pubertal gilts when dietary treatment was imposed on their dams in late gestation and lactation was not seen when gilts were fed flaxseed from 88 d of age onward (Farmer et al. 2007 ). In accordance, Tou and Thompson (1999) observed that feeding flaxseed during gestation and lactation in rats altered mammogenesis of their offspring but that no changes in mammary development were seen when rats were only fed flaxseed after weaning. Timing of exposure to flaxseed therefore must play a role. A postnatal effect of in utero exposure to flaxseed was demonstrated earlier in rodents; indeed, the ratio of n-3 to n-6 PUFA in the diet of pregnant rats was shown to modulate metabolic programming during fetal development leading to longlasting hormonal effects on the offspring (Korotkova et al. 2002) . In utero exposure to high n-6 PUFA in rats was also found to alter mammary gland development of the offspring (Hilakivi-Clarke et al. 1997) . It is of interest to mention that exposure to flaxseed during suckling was shown to inhibit mammary tumorigenesis in these suckling rats (Chen et al. 2003 ), yet the possible impact of such a treatment on susceptibility to carcinogenesis in swine is not known.
The fact that none of the selected genes were affected by dietary treatment indicates that differences in mammary composition seen in offspring from sows fed FS in late-gestation and lactation were not related to the expression of EGF, EGFR, ESR1, ESR2, IGF-I and TGFA in mammary tissue, yet this does not preclude that expression of these genes in other tissues and/or at other time periods could have been affected. Even though these genes are important for mammogenesis in rodents (Tan et al. 2004) , it might also be that there are species differences and/or that at the physiological stage studied, changes incurred by feeding FS are related to signaling from other genes. To the best of our knowledge, current findings are the first indication that the sow diet in late-gestation and lactation can have some influence on mammary development of the offspring at puberty. Therefore, changes which occur in utero and/or in neonatal life have long-lasting repercussions on mammogenesis in swine. The modes of action of these effects, however, still need to be elucidated and it would be of interest to study gene expression in the embryo, fetus and nursing offspring of sows fed FS during late-gestation and lactation.
